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The present invention relates to a composition, Which can be 
referred to as a biopolymer, including fermentation solid and 
thermoactive material. The present invention also includes 
methods of making the biopolymer, Which can include com 
pounding fermentation solid and thermoactive material. The 
present biopolymer can be formed into an article of manufac 
ture. 
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BIOPOLYMER AND METHODS OF MAKING 
IT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to US. Provisional Patent 
Application Ser. Nos. 60/478,247 ?led Jun. 13,2003, 60/478, 
248 ?led Jun. 13, 2003, and 60/478,601 ?led Jun. 13, 2003. 

FIELD OF THE INVENTION 

The present invention relates to a composition, Which can 
be referred to as a biopolymer, including fermentation solid 
and thermoactive material. The present invention also 
includes methods of making the biopolymer, Which can 
include compounding fermentation solid and thermoactive 
material. The present biopolymer can be formed into an 
article of manufacture. 

BACKGROUND OF THE INVENTION 

A variety of products may be formed from ?lled plastics. 
For example, plastics may be formed into lumber replace 
ments, as described in US. Pat. No. 5,539,027; components 
of WindoW and door assemblies, as described in US. Pat. No. 
5,486,553; or siding for building structures, as described in 
US. Pat. No. 6,122,877. 

Fillers have been used in the plastic industry for almost 90 
years. The reason most manufacturers use ?lled plastic is to 
reduce the price of the high cost of polypropylene and other 
plastics With loWer cost ?llers, such as Wood ?our, talc, and 
mica. Filling plastic With ?berglass can improve its charac 
teristics by creating higher thermal stability and higher bend 
ing and rupture strengths. HoWever, loW cost ?llers like Wood 
?our can degrade some qualities of plastics and make them 
harder to process. Talc and mica provide some increase in 
strength to plastic, but also add Weight and decrease the life of 
the extruder due to abrasion. Fiberglass adds considerable 
strength of the product, but at a substantial cost. 

There are many disadvantages associated With existing 
plastics ?lled With plant material, such, such as Wood or straW. 
A principal problem associated With the extrusion and inj ec 
tion of such plastics is that the particle siZe of the plant 
material used in this process is very small and is primarily 
ground Wood. Otherwise, the viscosity of the mixture is too 
high to be extruded or molded ef?ciently. Moreover, extru 
sion or injection processes are further limited by the ratio of 
?ller materials, such as Wood, to the plastic that can be used. 
This puts undesirable constraints on the products that can be 
produced. Wood plastic composites typically use betWeen 
30% to 65% Wood ?our or ?ne Wood saW dust mixed With 
simple plastics. Ratios higher than this cause both processing 
problems and overall performance degradation in areas of 
moisture absorption, rot, decay, moisture stability, and so on. 

There remains a need for an inexpensive, biologically 
derived material that can reduce the cost and consumption of 
thermoactive materials and that performs better than a ?ller 
for a variety of products. 

SUMMARY OF THE INVENTION 

The present invention relates to a composition, Which can 
be referred to as a biopolymer, including fermentation solid 
and thermoactive material. The present invention also 
includes methods of making the biopolymer, Which can 
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2 
include compounding fermentation solid and thermoactive 
material. The present biopolymer can be formed into an 
article of manufacture. 
The present invention relates to a composition including 

fermentation solid and thermoactive material. The composi 
tion can include Wide ranges of amounts of these ingredients. 
For example, in an embodiment, the composition can include 
about 5 to about 95 Wt-% fermentation solid and about 1 to 
about 95 Wt-% thermoactive material. The fermentation solid 
can include, in an embodiment, distiller’s dried grain or dis 
tiller’s dried grain With solubles, Which can be derived from 
fermentation of plant material such as grain (e.g., corn). The 
thermoactive material can include, for example, at least one 
of thermoplastic, thermoset material, and resin and adhesive 
polymer. The present composition can be employed in any of 
a variety of articles. The article can include the composition 
including fermentation solid and thermoactive material. 
The present invention relates to a method of making a 

composition including fermentation solid and thermoactive 
material. The method includes compounding ingredients of 
the composition including but not limited to fermentation 
solid and thermoactive material. Compounding can include 
thermal kinetic compounding. The composition can be made 
as a foamed composition. Producing a foamed composition 
can include extruding material comprising fermentation solid 
and thermoactive material; the foamed material need not 
include bloWing or foaming agent. 
The present composition can be employed in a method of 

making an article. This method can include forming the 
article from a composition including fermentation solid and 
thermoactive material. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 
As used herein, the term “biopolymer” refers to a material 

including a thermoactive material and a fermentation solid. 
As used herein, the phrase “fermentation solid” refers to 

solid material recovered from a fermentation process, such as 
alcohol (e.g., ethanol) production. 
As used herein, the phrase “fermented protein solid” refers 

to fermentation solid recovered from fermenting a material 
including protein. The fermented protein solid also includes 
protein. 
As used herein, the phrase “distiller’s dried grain” (DDG) 

refers to the dried residue remaining after the starch in grain 
(e.g., corn) has been fermented With selected yeasts and 
enZymes to produce products including ethanol and carbon 
dioxide. DDG can include residual amounts of solubles, for 
example, about 2 Wt-%. Distiller’s dried grain includes com 
positions knoWn as breWer’s grain and spent solids. 
As used herein, the phrase “distiller’s dried grain With 

solubles” (DDGS) refers to a dried preparation of the coarse 
material remaining after the starch in grain (e.g., corn) has 
been fermented plus the soluble portion of the residue 
remaining after fermentation, Which has been condensed by 
evaporation to produce solubles. The solubles can be added to 
the DDG to form DDGS. 
As used herein, the phrase “Wet cake” or “Wet distiller’s 

grain” refers to the coarse, Wet residue remaining after the 
starch in grain (e.g., corn) has been fermented With selected 
yeasts and enZymes to produce products including ethanol 
and carbon dioxide. 
As used herein, the phrase “solvent Washed Wet cake” 

refers to Wet cake that has been Washed With a solvent such as, 
Water, alcohol, or hexane. 
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As used herein, the phrase “gluten meal” refers to a by 
product of the Wet milling of plant material (e.g., corn, Wheat, 
or potato) for starch. Corn gluten meal can also be a by 
product of the conversion of the starch in Whole or various 
fractions of dry milled corn to corn syrups. Gluten meal 
includes prolamin protein and gluten (a mixture of Water 
insoluble proteins that occurs in most cereal grains) and also 
smaller amounts of fat and ?ber. 

As used herein, the phrase “plant material” refers to all or 
part of any plant (e.g., cereal grain), typically a material 
including starch. Suitable plant material includes grains such 
as maiZe (corn, e.g., Whole ground corn), sorghum (milo), 
barley, Wheat, rye, rice, millet, oats, soybeans, and other 
cereal or leguminous grain crops; and starchy root crops, 
tubers, or roots such as sWeet potato and cassava. The plant 
material can be a mixture of such materials and byproducts of 
such materials, e.g., corn ?ber, corn cobs, stover, or other 
cellulose and hemicellulose containing materials such as 
Wood or plant residues. Preferred plant materials include 
com, either standard corn or Waxy corn. Preferred plant mate 
rials can be fermented to produced fermentation solid. 

As used herein, the term “prolamin” refers to any of a group 
of globular proteins Which are found inplants, such as cereals. 
Prolamin proteins are generally soluble in 70-80 per cent 
alcohol but insoluble in Water and absolute alcohol. These 
proteins contain high levels of glutamic acid and proline. 
Suitable prolamin proteins include gliadin (Wheat and rye), 
Zein (corn), and ka?rin (sorghum and millet). Suitable gliadin 
proteins include ot-, [3-, y-, and uu-gliadins. 
As used herein, the term “Zein” refers to a prolamin protein 

found in corn, With a molecular Weight of about 40,000 (e. g., 
38,000), and not containing tryptophan and lysine. 
As used herein, the phrase “glass transition point” or “T8” 

refers to the temperature at Which a particle of a material 
(such as a fermentation solid or thermoactive material) 
reaches a “softening point” so that it has a viscoelastic nature 
and can be more readily compacted. BeloW Tg a material is in 
its “glass state” and has a form that can not be as readily 
deformed under simple pressure. As used herein, the phrase 
“melting point” or “Tm” refers to the temperature at Which a 
material (such as a fermentation solid or thermoactive mate 
rial) melts andbegins to How. Suitable methods for measuring 
these temperatures include differential scanning calorimetry 
(DSC), dynamic mechanical thermal analysis (DTMA), and 
thermal mechanical analysis (TMA). 
As used herein, Weight percent (Wt-%), percent by Weight, 

% by Weight, and the like are synonyms that refer to the 
concentration of a substance as the Weight of that substance 
divided by the Weight of the composition and multiplied by 
100. Unless otherWise speci?ed, the quantity of an ingredient 
refers to the quantity of active ingredient. 
As used herein, the term “about” modifying any amount 

refers to the variation in that amount encountered in real 
World conditions of producing materials such as polymers or 
compo site materials, e. g., in the lab, pilot plant, or production 
facility. For example, an amount of an ingredient employed in 
a mixture When modi?ed by about includes the variation and 
degree of care typically employed in measuring in a plant or 
lab producing a material or polymer. For example, the amount 
of a component of a product When modi?ed by about includes 
the variation betWeen batches in a plant or lab and the varia 
tion inherent in the analytical method. Whether or not modi 
?ed by about, the amounts include equivalents to those 
amounts. Any quantity stated herein and modi?ed by “about” 
can also be employed in the present invention as the amount 
not modi?ed by about. 
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The Biopolymer 
The present invention relates to a biopolymer that includes 

one or more fermentation solids and one or more thermoac 

tive materials. The present biopolymer can exhibit properties 
typical of plastic materials, properties advantageous com 
pared to conventional plastic materials, and/or properties 
advantageous compared to aggregates including plastic and, 
for example, Wood or cellulosic materials. The present 
biopolymer can be formed into useful articles using any of a 
variety of conventional methods for forming items from plas 
tic. The present biopolymer can take any of a variety of forms. 

In an embodiment, the present biopolymer includes fer 
mentation solid integrated With the thermoactive material. A 
biopolymer including fermentation solid integrated into the 
thermoactive material is referred to herein as an “integrated 
biopolymer”. An integrated biopolymer can include covalent 
bonding betWeen the thermoactive material and the fermen 
tation solid. In an embodiment, the integrated biopolymer 
forms a uniform mass in Which the fermentation solid has 
been blended into the thermoactive material. 

In an embodiment, the present biopolymer includes visible 
particles of remaining fermentation solid. A biopolymer 
including visible particles of remaining fermentation solid is 
referred to herein as a “composite biopolymer”. A composite 
biopolymer can have the appearance of granite, a matrix of 
thermoactive material With a ?rst appearance surrounding 
particles of fermentation solid With a second appearance. In 
an embodiment, even in a composite biopolymer, a signi? 
cant fraction of the fermentation solid can be blended into 
and/or bond With the thermoactive material. In an embodi 
ment, a composite biopolymer With the appearance of granite 
can form a single substance from Which the particles of fer 
mentation solid can not be removed. 

In yet another embodiment, the present biopolymer 
includes a signi?cant portion of fermentation solid present as 
discrete particles surrounded by or embedded in the thermo 
active material. A biopolymer including discrete particles of 
fermentation solid surrounded by or embedded in the ther 
moactive material is referred to herein as an “aggregate 
biopolymer”. In such an aggregate biopolymer, the signi? 
cant portion of fermentation solid present as discrete particles 
can be considered an extender or a ?ller. Nonetheless, a minor 
portion of the fermentation solid can be blended into and/or 
bond With the thermoactive material. 

In an embodiment, the compounded fermentation solid and 
thermoactive material (i.e., the soft or raW biopolymer), 
before hardening, takes the form of a dough, Which can be 
largely homogeneous. As used herein, “largely homoge 
neous” dough refers to a material With a consistency similar to 
baking dough (e.g., bread or cookie dough) With a major 
proportion of the fermentation solid blended into the thermo 
active material and no longer appearing as distinct particles. 
In an embodiment, the soft or raW biopolymer includes no 
detectable particles of fermentation solid, e.g., it is a homo 
geneous dough. In an embodiment, the soft or raW biopoly 
mer can include up to 95 Wt-% (e.g., 90 Wt-%) fermentation 
solid and take the form of a largely homogeneous or homo 
geneous dough. In an embodiment, the soft or raW biopoly 
mer can include about 50 to about 70 Wt-% fermentation solid 
and take the form of a largely homogeneous or homogeneous 
dough. 

In an embodiment, the raW or soft biopolymer includes 
visible amounts of fermentation solid. As used herein, visible 
amounts of fermentation solid refers to particles that are 
clearly visible to the naked eye and that provide a granite-like 
appearance to the cured biopolymer. Such visible fermenta 
tion solid can be colored for decorative effect in the cured 
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biopolymer. The granite-like appearance can be produced by 
employing larger particles of fermentation solid than used to 
produce a homogeneous or largely homogeneous dough. 

In certain embodiments, the biopolymer can include fer 
mentation solid at about 0.01 to about 95 Wt-%, about 1 to 
about 95 Wt-%, about 5 to about 95 Wt -%, about 5 to about 80 
Wt-%, about 5 to about 70 Wt-%, about 5 to about 20 Wt-%, 
about 50 to about 95 Wt-%, about 50 to about 80 Wt-%, about 
50 to about 70 Wt-%, about 50 to about 60 Wt-%, about 60 to 
about 80 Wt-%, or about 60 to about 70 Wt-%. In certain 
embodiments, the biopolymer can include fermentation solid 
at about 5 Wt-%, about 10 Wt-%, about 20 Wt-%, about 50 
Wt-%, about 60 Wt-%, about 70 Wt-%, or about 75 Wt-%. The 
present biopolymer can include any of these amounts or 
ranges not modi?ed by about. 

In certain embodiments, the biopolymer can include ther 
moactive material at about 0.01 to about 95 Wt-%, about 1 to 
about 95 Wt-%, about 5 to about 30 Wt-%, about 5 to about 40 
Wt-%, about 5 to about 50 Wt-%, about 5 to about 85 Wt-%, 
about 5 to about 95 Wt-%, about 10 to about 30 Wt-%, about 10 
to about 40 Wt-%, about 10 to about 50 Wt-%, or about 10 to 
about 95 Wt-%. In certain embodiments, the biopolymer can 
include thermoactive material at about 95 Wt-%, about 75 
Wt-%, about 50 Wt-%, about 45 Wt-%, about 40 Wt-%, about 
35 Wt-%, about 30 Wt-%, about 25 Wt-%, about 20 Wt-%, 
about 15 Wt-%, about 10 Wt-%, or about 5 Wt. The present 
biopolymer can include any of these amounts or ranges not 
modi?ed by about. 

In certain embodiments, the biopolymer can include fer 
mentation solid at about 5 to about 95 Wt-% and thermoactive 
material at about 5 to about 95 Wt-%, can include fermenta 
tion solid at about 50 to about 70 Wt-% and thermoactive 
material at about 30 to about 70 Wt-%, can include fermenta 
tion solid at about 50 to about 70 Wt-% and thermoactive 
material at about 20 to about 70 Wt-%, can include fermenta 
tion solid at about 50 to about 60 Wt-% and thermoactive 
material at about 30 to about 50 Wt-%, or can include fermen 
tation solid at about 60 to about 70 Wt-% and thermoactive 
material at about 20 to about 40 Wt-%. In certain embodi 
ments, the biopolymer can include about 5 Wt-% fermentation 
solid and about 70 to about 95 Wt-% thermoactive material, 
about 10 Wt-% fermentation solid and about 70 to about 90 
Wt-% thermoactive material, about 50 Wt-% fermentation 
solid and about 30 to about 50 Wt-% thermoactive material, 
about 55 Wt-% fermentation solid and about 30 to about 45 
Wt-% thermoactive material, about 60 Wt-% fermentation 
solid and about 20 to about 40 Wt-% thermoactive material, 
about 65 Wt-% fermentation solid and about 20 to about 40 
Wt-% thermoactive material, about 70 Wt-% fermentation 
solid and about 10 to about 30 Wt-% thermoactive material, 
about 90 Wt-% fermentation solid and about 5 to about 10 
Wt-% thermoactive material. The present biopolymer can 
include any of these amounts or ranges not modi?ed by about. 

Embodiments of Biopolymers 
In an embodiment, the present biopolymer can have higher 

thermal conductivity than conventional thermoplastics. For 
example, in an embodiment, the present biopolymer can cool 
or heat faster than the thermoactive material Without fermen 
tation solid. In an embodiment, the present biopolymer can 
cool as rapidly as the apparatus forming it can operate. 
Although not limiting to the present invention, it is believed 
that such increased thermal conductivity can be due to the 
nature of the fermentation solid. For example, the increased 
thermal conductivity may be due to integration of the fermen 
tation solid into the thermoactive material. For example, 
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6 
increased thermal conductivity employing fermented protein 
solid may be due to the interaction of the protein With the 
thermoactive material. 

In an embodiment, the present biopolymer has a granite 
like appearance. Biopolymer With a granite-like appearance 
can include larger particles of fermentation solid than an 
integrated biopolymer. For example, fermentation solid of a 
siZe of about 2 to about 10 mesh can be employed to form 
biopolymer With a granite-like appearance. In an embodi 
ment, a biopolymer including such larger fermentation solid 
as How characteristics suitable or even advantageous for com 
pounding and forming. In an embodiment, a biopolymer 
including such a larger fermentation solid takes the form of a 
composite biopolymer. 
Fermentation Solids 
The present biopolymer can include any of a variety of 

fermentation solids. Fermentation solid can be recovered 
from any of a variety of fermentation processes, such as 
alcohol (e.g., ethanol) production. A fermentation solid can 
be recovered from, for example, fermentation of plant mate 
rial. In an embodiment, the fermentation solid can be recov 
ered from fermentation of plant material containing starch, 
such as grain (e.g., cereal grain or legume), starchy root crop, 
tuber, or root. In an embodiment, the fermentation solid (e. g., 
fermented protein solid) can be recovered from fermentation 
of plant material containing starch and protein, such as grain 
(e.g., cereal grain or legume), starchy root crop, tuber, or root. 
In an embodiment, the fermentation solid is recovered from 
fermentation of grain. For example, the fermentation solid 
knoWn as “distiller’s dried grain” can be recovered from 
fermentation processes that convert grain to ethanol. 

Fermentation consumes carbohydrate, such as starch, in 
the plant material and can provide a material With starch 
levels that have been reduced compared to the plant material. 
In an embodiment, fermentation solid includes a reduced 
Wt-% starch compared to the plant material used in the fer 
mentation. In certain embodiments, the fermentation solid 
includes less than or equal to about 10 Wt-% carbohydrate, 
less than or equal to about 5 Wt-% carbohydrate, or less than 
or equal to about 2 Wt-% carbohydrate. Fermentation solid 
With more than 10 Wt-% carbohydrate can be employed in the 
present biopolymer. 
Numerous fermentation solids have been characteriZed, 

primarily as animal feed. The fermentation solids that have 
been characterized include those knoWn as distiller’s dried 
grain (DDG), distiller’s dried grain With solubles (DDGS), 
Wet cake (WC), solvent Washed Wet cake (WWC), fraction 
ated distiller’s dried grain (FDDG), and gluten meal. Fermen 
tation solid can include, for example, protein, ?ber, and, 
optionally, fat. Fermentation solid can also include residual 
starch. 

For example, the fermentation solid distiller’s dried grain 
With solubles recovered from dry mill fermentation of corn 
can include 30 Wt-% or more protein. For example, the fer 
mentation solid distiller’s dried grain With solubles recovered 
from conventional dry mill fermentation of corn can include 
about 30 to about 35 Wt-% protein, about 10 to about 15 Wt-% 
fat, about 5 to about 10 Wt-% ?ber, and about 5 to about 10 
Wt-% ash. For example, the fermentation solid distiller’s 
dried grain With solubles recovered from conventional dry 
mill fermentation of corn can include about 5 Wt-% starch, 
about 35 Wt-% protein, about 15 Wt-% fat, about 25 Wt-% 
?ber, and about 5 Wt-% ash. In an embodiment, the fermen 
tation solid includes or is a DDGS including about 30-38 
Wt-% protein, about 11-19 Wt-% fat, and about 25-37 Wt-% 
?ber. In an embodiment, the fermentation solid includes or is 
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a DDGS including about 10 Wt-% starch, about 35 Wt-% 
protein, about 15 Wt-% fat, about 30 Wt-% ?ber, and about 5 
Wt-% ash. Such as DDGS can be produced by raW starch 
fermentation of corn. The present fermentation solid can 
include any of these amounts or ranges not modi?ed by about. 

Distiller’ s dried grains or other distiller’ s dried plant mate 
rials can be derived from any of a variety of agricultural 
products. As used herein, “distiller’s dried” folloWed by the 
name of a plant or type of plant refers to a fermentation solid 
derived from fermentation of that plant or type of plant. For 
example, distiller’s dried grain refers to a fermentation solid 
derived from fermentation of grain. By Way of a more speci?c 
example, distiller’s dried corn refers to a fermentation solid 
derived from fermentation of corn. Distiller’s dried sorghum 
refers to a fermentation solid derived from fermentation of 
sorghum (milo). Distiller’s dried Wheat refers to a fermenta 
tion solid derived from fermentation of Wheat. A distiller’s 
dried plant material need not be exclusively derived from the 
named plant material. Rather, the named plant material is the 
predominant plant material or the only plant material in the 
fermentation solid. 

The present biopolymer can include any of a variety of 
fermentation solids including, for example, distiller’s dried 
grain, distiller’s dried starchy root crop, distiller’s dried tuber, 
distiller’s dried root. Suitable distiller’s dried grains include 
distiller’ s dried cereal grain and distiller’ s dried legume. Suit 
able distiller’s dried grains include distiller’s dried maiZe 
(distiller’s dried corn, e.g., distiller’ s dried Whole ground corn 
or distiller’s dried fractionated corn), distiller’s dried sor 
ghum (milo), distiller’s dried barley, distiller’s dried Wheat, 
distiller’ s dried rye, distiller’s dried rice, distiller’s dried mil 
let, distiller’s dried oats, distiller’s dried soybean. Suitable 
distiller’s dried roots include distiller’s dried sWeet potato 
and distiller’s dried cassava. Suitable distiller’s dried tubers 
include distiller’s dried potato. 

The plant material can include the entirety of a plant or a 
portion of a plant. Alternatively, the plant or portion of a plant 
can be fractionated. A fermentation solid derived from frac 
tionated plant material is referred to herein as distiller’ s dried 
fractionated plant material, e. g., distiller’s dried fractionated 
grain. The present biopolymer can include any of a variety of 
fractionated fermentation solids. For example, the present 
biopolymer can include distiller’ s dried fractionated corn. For 
example, the present biopolymer can include distiller’ s dried 
corn germ and/ or distiller’s dried corn endosperrn. 

Distiller’ s dried grains or other distiller’ s dried plant mate 
rials can be derived from any of a variety of fermentation 
processes. As the phrase suggests, distiller’ s driedplant mate 
rials have been dried. Drying can be accomplished at elevated 
temperatures in a fermentation plant or apparatus. Drying can 
include exposing the Wet distiller’s plant material With air, 
Which can be a temperatures of 1,000 to 1,500° F. Although 
mixed With hot air, the distiller’ s plant material does not reach 
temperatures as hot as the hot air. The distiller’ s plant material 
can be tumbled or circulated With the air. Thus, for example, 
after being exposed to air at temperatures of 1,000 to 1,500° 
F., the distiller’s dried plant material can reach a temperature 
(e. g., at the exit of the drying apparatus) of only about 200° F. 

In certain embodiments, the present fermentation solid 
(e. g., fermented protein isolate) reached a temperature (e.g., 
at the exit from the dryer) of no higher than about 5000 F., 
about 400° F., about 300° F., about 250° F., about 200° F., or 
about 180° F. In an embodiment, the present fermentation 
solid (e.g., fermented protein isolate) reached a temperature 
(e. g., at the exit from the dryer) of no higher than about 500° 
F. In an embodiment, the present fermentation solid (e.g., 
fermented protein isolate) reached a temperature (e. g., at the 
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exit from the dryer) of no higher than about 400° F. In an 
embodiment, the present fermentation solid (e. g., fermented 
protein isolate) reached a temperature (e.g., at the exit from 
the dryer) of no higher than about 300° F. In an embodiment, 
the present fermentation solid (e.g., fermented protein iso 
late) reached a temperature (e. g., at the exit from the dryer) of 
no higher than about 250° F. In an embodiment, the present 
fermentation solid (e. g., fermented protein isolate) reached a 
temperature (e. g., at the exit from the dryer) of no higher than 
about 200° F. In an embodiment, the present fermentation 
solid (e.g., fermented protein isolate) reached a temperature 
(e.g., at the exit from the dryer) of no higher than about 180° 
F. The present fermentation solid can include any of these 
temperatures not modi?ed by about. 
As used herein, “distiller’s dried” folloWed by a number 

refers to a fermentation solid that reached a temperature (e. g., 
at the exit from the dryer) at or beloW that temperature. For 
example, distiller’s dried grain-200 refers to distiller’s dried 
grain that reached a temperature (e. g., at the exit from the 
dryer) at or beloW 200° F. In certain distillation processes, the 
plant material can also be ground. Grinding can subject plant 
material to elevated temperatures. As used herein, “distiller’ s 
dried” folloWed by a number With the su?ix “gd” refers to a 
fermentation solid that Was ground and dried reaching a tem 
perature (e.g., at the exit from the dryer) at or beloW that 
temperature. For example, distiller’s dried grain-200gd refers 
to distiller’s dried grain ground and dried and that reached a 
temperature (e.g., at the exit from the dryer) at or beloW 200° 
F. A fermentation solid that has been prepared by employing 
loW temperature grinding and/or drying is referred to herein 
as “gently treated fermentation solid”. A fermented protein 
solid that has been prepared by employing loW temperature 
grinding and/or drying is referred to herein as “proteinaceous 
fermentation solid”. Suitable gently treated fermentation sol 
ids include gently treated DDG and gently treated DDGS. 
Gently treated fermentation solids include those derived from 
fermentation processes lacking a cooking stage. 

Fermentation solid suitable for the present biopolymer can 
be have a Wide range of moisture content. In an embodiment, 
the moisture content can be less than or equal to about 15 
Wt-%, for example about 1 to about 15 Wt-%. In an embodi 
ment, the moisture content can be about 5 to about 15 Wt-%. 
In an embodiment, the moisture content can be about 5 to 
about 10 (e.g., 12) Wt-%. In an embodiment, the moisture 
content can be about 5 (e.g., 6) Wt-%. 
The present biopolymer can include or can be made from a 

fermentation solid With any of broad range of siZes. In certain 
embodiments, the fermentation solid employed in the 
biopolymer has a particle siZe of about 2 mesh to less than 
about 1 micron (e.g., to about 0.1 or about 0.01 micron), about 
2 to about 10 mesh, about 12 to about 500 mesh, about 60 
mesh to less than about 1 micron, about 60 mesh to about 1 
micron, about 60 to about 500 mesh. Biopolymers including 
fermentation solid With particle siZe less than about 1 micron 
(e.g., to about 0.1 or about 0.01 micron) can be considered 
nano materials, or in certain circumstances nano-composites. 

In certain embodiments, the fermentation solid employed 
in the biopolymer can be or has been treated before com 
pounding by coloring, grinding and screening (e.g., to a uni 
form range of siZes), drying, or any of a variety of procedures 
knoWn for treating agricultural material before mixing With 
thermoactive material. 

In certain embodiments, the biopolymer can include fer 
mentation solid at about 0.01 to about 95 Wt-%, about 1 to 
about 95 Wt-%, about 5 to about 95 Wt-%, about 5 to about 80 
Wt-%, about 5 to about 70 Wt-%, about 50 to about 95 Wt-%, 
about 50 to about 80 Wt-%, about 50 to about 70 Wt-%, about 
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50 to about 60 Wt-%, about 60 to about 80 Wt-%, or about 60 
to about 70 Wt-%. In certain embodiments, the biopolymer 
can include fermentation solid at about 5 Wt-%, about 10 
Wt-%, about 50 Wt-%, about 60 Wt-%, about 70 Wt-%, or 
about 75 Wt-%. The present biopolymer can include any of 
these amounts or ranges not modi?ed by about. 

Fermentation solid suitable for the present biopolymer 
include those derived from dry milling processes knoWn as 
“raW starch” processes. RaW starch processes producing suit 
able fermentation solid include those described in Us. patent 
application Ser. No. 10/798,226 and Us. Provisional Patent 
Application No. 60/552,108, each ?led Mar. 10, 2004, and 
each entitled “METHOD FOR PRODUCING ETHANOL 
USING RAW STARCH”. Each of these applications is incor 
porated herein by reference. 

Embodiments of Fermentation Solids 

Although not limiting to the present invention, in certain 
embodiments, it is believed that the present fermentation 
solid (e.g., fermented protein solid) can be advantageously 
suited for forming biopolymers. For example, in an embodi 
ment, the present fermentation solid (e.g., fermented protein 
solid) can be characterized by or can have a glass transition 
point (Tg) and/or a melting point (Tm). For example, in an 
embodiment, the present fermentation solid (e. g., fermented 
protein solid) can form an integral biopolymer. Although not 
limiting to the present invention, it is believed that an embodi 
ment of an integral biopolymer can include covalent bonding 
betWeen the fermentation solid (e. g., fermented protein solid) 
and the thermoactive material. By Way of further example, in 
an embodiment, it is believed that the present fermentation 
solid (e. g., fermented protein solid) imparts desirable thermal 
conductivity (e.g., advantageously rapid heating and cooling) 
to the biopolymer. 

Although not limiting to the present invention, it is believed 
that, in certain embodiments, the present fermentation solid 
(e. g., fermented protein solid, such as DDG or DDGS) can be 
characterized With reference to tWo temperatures, a glass 
transition point (T8) and a melting point (Tm). In an embodi 
ment, the fermentation solid can be compounded at a tem 
perature at Which it exhibits viscoelastic properties, eg 
betWeen T g and Tm. In an embodiment, the fermentation solid 
can be compounded at a temperature at Which it has melted or 
can melt, e.g., at or above Tm. In an embodiment, the biopoly 
mer includes a thermoactive material With a melting point less 
than about T8 for the fermentation solid. In an embodiment, 
the biopolymer includes a thermoactive material With a melt 
ing point less than about Tm for the fermentation solid. In an 
embodiment, the fermentation solid can have Tm approxi 
mately equal to that of the polymer. 

Although not limiting to the present invention, it is believed 
that compounding the fermentation solid With the thermoac 
tive material at a temperature beloW Tg and/or beloW Tm for 
the fermentation solid Will not produce an integral biopoly 
mer or a soft or raW biopolymer in the form of a dough. It is 
believed that DDG from raW starch hydrolysis ethanol pro 
cesses has a Tm of about 1500 C. 

The Tm of the fermentation solid (e.g., fermented protein 
solid, such as DDG or DDGS) can be related to its content of 
oil or syrup (e.g., solubles) from the plant material or other 
additives. In an embodiment, the Tm of the fermentation solid 
(e. g., fermented protein solid, such as DDG or DDGS) can be 
selected by controlling the amount of oil or syrup (e.g., 
solubles) in the material. For example, it is believed that 
higher oil or syrup (e.g., solubles) content decreases Tm and 
T8 and loWer oil or syrup (e. g., solubles) content increases Tm. 
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The Tm of fermentation solid (e. g., fermented protein solid, 

such as DDG or DDGS) can be related to its content of 
plasticiZer (e.g., Water, liquid polymer, liquid thermal plastic, 
fatty acid, or the like). In an embodiment, the Tm of the 
fermentation solid fermentation solid (e. g., fermented protein 
solid, such as DDG or DDGS) can be selected by controlling 
the amount of plasticiZer in the material. For example, it is 
believed that higher plasticiZer content decreases Tm and T8 
and loWer plasticiZer content increases Tm. 

Although not limiting to the present invention, it is believed 
that compounding the present biopolymer at temperatures 
between T8 and Tm of the fermentation solid provides advan 
tageous interaction betWeen the thermoactive material and 
the fermentation solid, Which can result in a biopolymer With 
advantageous properties. In an embodiment, the selected 
temperature can be also above the melting point of the ther 
moactive material and suitable for compounding With the 
thermoactive material. In certain embodiments, the T8 and Tm 
of the fermentation solid alloW compounding With polymers 
With a relatively high melting point, such as polyethylene 
terephthalate (PET), polycarbonate, and other engineered 
plastics. 

Although not limiting to the present invention, it is believed 
that the present fermentation solid (e.g., fermented protein 
solid, such as DDG or DDGS) can include an advantageously 
processed plant material. Fermenting the plant material can 
remove a substantial portion of the starch and carbohydrate. It 
is believed that fermentation can hydrolyZe protein. It is 
believed that hydrolyZing the protein can provide functional 
groups that can form covalent interactions With the thermo 
active material, Which can result in advantageous character 
istics for the resulting biopolymer. Further, it is believed that, 
in certain embodiments, fermentation can render the protein 
less Water soluble. 

Although not limiting to the present invention, it is believed 
that, in certain embodiments, the present biopolymer can 
include fermentation solid (e. g., fermented protein solid, such 
as DDG or DDGS) including advantageously high levels of 
the prolamin protein found in cereal grain. These prolamin 
proteins include Zein (e.g., corn Zein) and ka?rin (e.g., sor 
ghum ka?rin). 

Although not limiting to the present invention, it is believed 
that in certain embodiments, the present biopolymer can 
include fermentation solid recovered from a fermentation 
process in Which the material has been in the presence of 
relatively high alcohol concentrations. For example, in an 
embodiment, the present fermentation solid be recovered 
from a fermentation process in Which the concentration of 
alcohol in the beer Well reaches or exceeds about 60 Wt-%. 
For example, in an embodiment, the present fermentation 
solid be recovered from a fermentation process in Which the 
concentration of alcohol in the ferrnenter reaches or exceeds 
about 19, about 20, or about 21 vol-%. Although not limiting 
to the present invention, it is believed that such high alcohol 
concentrations can produce a fermentation solid including 
increased levels of prolamin protein. 

In an embodiment, the present biopolymer can include a 
fermentation solid including diminished levels of ferment 
able materials, such as starch. In an embodiment, a fermen 
tation solid can be produced by fermenting fractionated plant 
material. For example, removing the bran and/or germ frac 
tions prior to fermentation can concentrate prolamin protein 
(e.g., Zein) in the plant material and resulting fermentation 
solid. Corn endo sperm includes Zein. Although not limiting to 
the present invention, it is believed that fermentation of corn 
endosperrn can result in increased levels of Zein in the fer 
mentation solid. 
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In an embodiment, the present biopolymer can have advan 
tageous ?oW characteristics compared to simple thermal plas 
tics. The melt ?oW index represents the ability of a plastic 
material to How. The higher the melt ?oW index the easier the 
material ?oWs at a speci?ed temperature. Melt ?oW index can 
be measured by a standard test known as MFR or MFI. 

Brie?y, the test includes a speci?c force, produced by an 
accurate Weight, extruding a heated plastic material through a 
circular die of a ?xed siZe, at a speci?ed temperature. The 
amount of thermoactive material extruded in 10 minutes is 
called the MFR. This test is de?ned by standard plastics 
testing method ASTM D 3364. 

Most ole?n thermal plastics are tested at a temperature of 
230° C. The present biopolymer can achieve the melt index of 
a homogeneous thermoactive material but at a loWer tempera 
ture. For example, consider a plastic With a melt index of 10 
at 230° C. This plastic can be employed as the thermoactive 
material in the present biopolymer at a level of only about 30 
Wt-% thermoactive material and about 70 Wt-% of fermenta 
tion solid (e. g., fermented protein solid, such as DDG or 
DDGS). The resulting biopolymer Will have a melt index of 
about 10 at only about 160° C., Which is a much loWer tem 
perature than 230° C. Similarly, the resulting biopolymer Will 
have a melt ?oW index signi?cantly loWer than 10 at 230° C. 
Such advantageous ?oW characteristics can alloW processing 
present biopolymer at loWer temperatures. Processing at 
loWer temperatures can save energy and provide for faster 
cooling. 

In contrast, ?lled plastics such as Wood/plastic, ?ber ?lled 
plastics, mineral ?lled plastics and other inert ?llers typically 
decrease the melt index of the thermoactive material, Which 
results in less flow or greater force required to induce ?ow. 
Thus, these conventional ?lled plastics are harder to process 
compared to the pure plastic and can require higher tempera 
tures to process and maintain melt ?oW index. 

Thermoactive Material 
The biopolymer can include any of a Wide variety of ther 

moactive materials. For example, the biopolymer can include 
any thermoactive material in Which the fermentation solid can 
be embedded. In an embodiment, the thermoactive material 
can be selected for its ability to form a homogeneous or 
largely homogeneous dough including the fermentation 
solid. In an embodiment, the thermoactive material can be 
selected for its ability to covalently bond With the fermenta 
tion solid. In an embodiment, the thermoactive material can 
be selected for its ability to How When mixed or compounded 
With fermentation solid. In an embodiment, the thermoactive 
material can set after being formed. Numerous such thermo 
active materials are commercially available. 

Suitable thermoactive materials include thermoplastic, 
thermoset material, a resin and adhesive polymer, or the like. 
As used herein, the term “thermoplastic” refers to a plastic 
that can once hardened be melted and reset. As used herein, 
the term “thermoset” material refers to a material (e. g., plas 
tic) that once hardened cannot readily be melted and reset. As 
used herein, the phrase “resin and adhesive polymer” refers to 
more reactive or more highly polar polymers than thermo 
plastic and thermoset materials. 

Suitable thermoplastics include polyamide, polyole?n 
(e. g., polyethylene, polypropylene, poly(ethylene-copropy 
lene), poly(ethylene-coalphaole?n), polybutene, polyvinyl 
chloride, acrylate, acetate, and the like), polystyrenes (e.g., 
polystyrene homopolymers, polystyrene copolymers, poly 
styrene terpolymers, and styrene acrylonitrile (SAN) poly 
mers), polysulfone, halogenated polymers (e.g., polyvinyl 
chloride, polyvinylidene chloride, polycarbonate, or the like, 
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12 
copolymers and mixtures of these materials, and the like. 
Suitable vinyl polymers include those produced by homopo 
lymeriZation, copolymeriZation, terpolymeriZation, and like 
methods. Suitable homopolymers include polyole?ns such as 
polyethylene, polypropylene, poly-l-butene, etc., polyvinyl 
chloride, polyacrylate, substituted polyacrylate, poly 
methacrylate, polymethylmethacrylate, copolymers and mix 
tures of these materials, and the like. Suitable copolymers of 
alpha-ole?ns include ethylene-propylene copolymers, ethyl 
ene-hexylene copolymers, ethylene-methacrylate copoly 
mers, ethylene-methacrylate copolymers, copolymers and 
mixtures of these materials, and the like. In certain embodi 
ments, suitable thermoplastics include polypropylene (PP), 
polyethylene (PE), and polyvinyl chloride (PVC), copoly 
mers and mixtures of these materials, and the like. In certain 
embodiments, suitable thermoplastics include polyethylene, 
polypropylene, polyvinyl chloride (PVC), loW density poly 
ethylene (LDPE), copoly-ethylene-vinyl acetate, copolymers 
and mixtures of these materials, and the like. 

Suitable thermoset materials include epoxy materials, 
melamine materials, copolymers and mixtures of these mate 
rials, and the like. In certain embodiments, suitable thermo set 
materials include epoxy materials and melamine materials. In 
certain embodiments, suitable thermoset materials include 
epichlorohydrin, bisphenol A, diglycidyl ether of 1,4-butane 
diol, diglycidyl ether of neopentyl glycol, diglycidyl ether of 
cyclohexanedimethanol, aliphatic; aromatic amine hardening 
agents, such as triethylenetetraamine, ethylenediamine, 
N-cocoalkyltrimethylenediamine, isophoronediamine, dieth 
yltoluenediamine, tris(dimethylaminomethylphe-nol); car 
boxylic acid anhydrides such as methyltetrahydrophthalic 
anhydride, hexahydrophthalic anhydride, maleic anhydride, 
polyaZelaic polyanhydride and phthalic anhydride, mixtures 
of these materials, and the like. 

Suitable resin and adhesive polymer materials include res 
ins such as condensation polymeric materials, vinyl poly 
meric materials, and alloys thereof. Suitable resin and adhe 
sive polymer materials include polyesters (e. g., polyethylene 
terephthalate, polybutylene terephthalate, and the like), 
methyl diisocyanate (urethane or MDI), organic isocyanide, 
aromatic isocyanide, phenolic polymers, urea based poly 
mers, copolymers and mixtures of these materials, and the 
like. Suitable resin materials include acrylonitrile-butadiene 
styrene (ABS), polyacetyl resins, polyacrylic resins, ?uoro 
carbon resins, nylon, phenoxy resins, polybutylene resins, 
polyarylether such as polyphenylether, polyphenylsul?de 
materials, polycarbonate materials, chlorinated polyether 
resins, polyethersulfone resins, polyphenylene oxide resins, 
polysulfone resins, polyimide resins, thermoplastic urethane 
elastomers, copolymers and mixtures of these materials, and 
the like. In certain embodiments, suitable resin and adhesive 
polymer materials include polyester, methyl diisocyanate 
(urethane or MDI), phenolic polymers, urea based polymers, 
and the like. 

Suitable thermoactive materials include polymers derived 
from reneWable resources, such as polymers including poly 
lactic acid (PLA) and a class of polymers knoWn as polyhy 
droxyalkanoates (PHA). PHA polymers include polyhy 
droxybutyrates (PHB), polyhydroxyvalerates (PHV), and 
polyhydroxybutyrate-hydroxyvalerate copolymers (PHBV), 
polycaprolactone (PCL) (i.e. TONE), polyesteramides (i.e. 
BAK), a modi?ed polyethylene terephthalate (PET) (i.e. 
BIOMAX), and “aliphatic-aromatic” copolymers (i.e. 
ECOFLEX and EASTAR BIO), mixtures of these materials 
and the like. 

In certain embodiments, the biopolymer can include ther 
moactive material at about 0.01 to about 95 Wt-%, about 1 to 



US 7,625 ,961 B2 
13 

about 95 Wt-%, about 5 to about 30 Wt-%, about 5 to about 40 
Wt-%, about 5 to about 50 Wt-%, about 5 to about 85 Wt-%, 
about 5 to about 95 Wt-%, about 10 to about 30 Wt-%, about 10 
to about 40 Wt-%, about 10 to about 50 Wt-%, or about 10 to 
about 95 Wt-%. In certain embodiments, the biopolymer can 
include thermoactive material at about 95 Wt-%, about 75 
Wt-%, about 50 Wt-%, about 45 Wt-%, about 40 Wt-%, about 
35 Wt-%, about 30 Wt-%, about 25 Wt-%, about 20 Wt-%, 
about 15 Wt-%, about 10 Wt-%, or about 5 Wt. The present 
biopolymer can include any of these amounts or ranges not 
modi?ed by about. 

Embodiments of Thermoactive Materials 
In an embodiment, the present biopolymer includes a ther 

moactive material supplied as a liquid (e. g., MDI). The liquid 
thermoactive material can provide advantageous characteris 
tics to the biopolymer. MDI, organic isocyanide, aromatic 
isocyanide, phenol, melamine, and urea based polymers, and 
the like can be considered high moisture content polymers, 
Which can be advantageous for extrusion. Such thermoactive 
materials can be employed to create a foamed extrusion for 
loWer Weight applications. 

Additives 
The present biopolymer can also include one or more addi 

tives. Suitable additives include one or more of dye, pigment, 
other colorant, hydrolyZing agent, plasticiZer, ?ller, extender, 
preservative, antioxidants, nucleating agent, antistatic agent, 
biocide, fungicide, ?re retardant, ?ame retardant, heat stabi 
liZer, light stabiliZer, conductive material, Water, oil, lubri 
cant, impact modi?er, coupling agent, crosslinking agent, 
bloWing or foaming agent, reclaimed or recycled plastic, and 
the like, or mixtures thereof. Suitable additives include plas 
ticiZer, light stabiliZer, coupling agent, and the like, or mix 
tures thereof. In certain embodiments, additives can tailor 
properties of the present biopolymer for end applications. In 
an embodiment, the present biopolymer can optionally 
include about 1 to about 20 Wt-% additive. 

HydrolyZing Agent 
HydrolyZing fermentation solid can be accomplished With 

a highly alkaline aqueous solution containing an alkaline 
dispersion agent, such as a strong inorganic or organic base. 
The base can be a strong inorganic base, such as: KOH, 
NaOH, CaOH, NH4OH, hydrated lime or combination 
thereof. HydrolyZing can be accomplished by mechanical 
methods of heat and pressure. Hydrolysis can be accom 
plished by loWering the pH of the admixture. Chemical com 
pounds such as maleic acid or maleated polypropylene can be 
added to the fermentation solid. Maleated polypropylenes 
such as G-3003 and G-30l5 manufactured by Eastman 
chemicals are examples of hydrolysis and/ or coupling mate 
rials. The fermentation solid and thermoactive material can 
crosslink via the hydrolysis process and the molding process 
conditions (high temperature and high pressure). In an 
embodiment, the present biopolymer can optionally include 
about 0.01 to about 20 Wt-% hydrolyZing agent. 

PlasticiZer 
Conventional plasticizers can be employed in the present 

biopolymer. PlasticiZers can modify the performance of the 
biopolymer, for example, by making it more ?exible and/or 
changing ?oW characteristics. The present biopolymer can 
include plasticiZer in amounts employed in conventional 
plastics. Suitable plasticiZers include natural or synthetic 
compounds such as at least one of polyethylene glycol, 
polypropylene glycol, polyethylene -propylene glycol, trieth 
ylene glycol, diethylene glycol, dipropylene glycol, propy 
lene glycol, ethylene glycol, glycerol, glycerol monoacetate, 
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diglycerol, glycerol diacetate or triacetate, l,4-butanediol, 
diacetin sorbitol, sorbitan, mannitol, maltitol, polyvinyl alco 
hol, sodium cellulose glycolate, urea, cellulose methyl ether, 
sodium alginate, oleic acid, lactic acid, citric acid, sodium 
diethylsuccinate, triethyl citrate, sodium diethylsuccinate, 
1,2,6-hexanetriol, triethanolamine, polyethylene glycol fatty 
acid esters, oils, expoxi?ed oils, natural rubbers, other knoWn 
plasticizers, mixtures or combinations thereof, and the like. In 
certain embodiments, the present biopolymer can optionally 
include about 1 to about 15 Wt-% plasticiZer, about 1 to about 
30 Wt-% plasticiZer, or about 1 to about 50 Wt-% plasticiZer. 

Crosslinking Agent 
Crosslinking agents have been found to decrease the creep 

observed With plastic composite products and/ or can modify 
Water resistance. Crosslinking agents also have the ability to 
increase the mechanical and physical performance of the 
present biopolymer. As used herein, crosslinking refers to 
linking the thermoactive material and the fermentation solid. 
Crosslinking can be distinguished from coupling agents 
Which form bonds betWeen plastic materials. Suitable 
crosslinking agents include one or more of metallic salts (e. g., 
NaCl or rock salt) and salt hydrates (Which may improve 
mechanical properties), forrnaldehyhde, urea formaldehyde, 
phenol and phenolic resins, melamine, methyl diisocyanide 
(MDI), other adhesive or resin systems, mixtures of combi 
nations thereof, and the like. In an embodiment, the present 
biopolymer can optionally include about 1 to about 20 Wt-% 
crosslinking agent. 

Lubricant 
In an embodiment, the present biopolymer can include a 

lubricant. A lubricant can alter the ?uxing (melting) point in 
a compounding, extrusion, or injection molding process to 
achieve desired processing characteristics and physical prop 
erties. 

Lubricants can be categoriZed as external, internal, and 
extemal/internal. These categories are based on the effect of 
the lubricant on the melt in a plasticiZing screW or thermal 
kinetic compounding device as folloWs. External lubricants 
can provide good release from metal surfaces and lubricate 
betWeen individual particles or surface of the particles and a 
metal part of the processing equipment. Internal lubricants 
can provide lubrication Within the composition, for example, 
betWeen resin particles, and can reduce the melt viscosity. 
Internal/external lubricants can provide both external and 
internal lubrication. 

Suitable external lubricants include non-polar molecules 
or alkanes, such as at least one of paraf?n Wax, mineral oil, 
polyethylene, mixtures or combinations thereof, and the like. 
Such lubricants can help the present biopolymer (for 
example, those including PVC) slip over the hot melt surfaces 
of dies, barrel, and screWs Without sticking and contribute to 
the gloss on the end product surface. In addition an external 
lubricant can maintain the shear point and reduce overheating 
of the biopolymer. 

Suitable internal lubricants include polar molecules, such 
as at least one of fatty acids, fatty acid esters, metal esters of 
fatty acids, mixtures or combinations thereof, and the like. 
Internal lubricants can be compatible With thermoactive 
materials such as ole?ns, PVC, and other thermally active 
materials and the fermentation solid. These lubricants can 
loWer melt viscosity, reduce internal friction and related heat 
due to internal friction, and promote fusion. 

Certain lubricants can also be natural plasticiZers. Suitable 
natural plasticiZer lubricants include at least one of oleic acid, 
linoleic acid, polyethylene glycol, glycerol, steric acid, palm 
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itic acid, lactic acid, sorbitol, Wax, epoxi?ed oil (e.g., soy 
bean), heat embodied oil, mixtures or combinations thereof, 
and the like. 

In an embodiment, the present biopolymer can optionally 
include about 1 to about 10 Wt-% lubricant. 

Processing Aid 
In an embodiment, the present biopolymer includes a pro 

cessing aid. Suitable processing aids include acrylic poly 
mers and alpha methylstyrene. These processing aids can be 
employed With a PVC polymer. A processing aid can reduce 
or increase melt viscosity and reduce uneven die ?oW. In a 
thermoactive material, it promotes ?uxing and acts like an 
internal lubricant. Increasing levels of processing aids nor 
mally alloW loWer compounding, extrusion, injection mold 
ing processing temperatures. In an embodiment, the present 
biopolymer can optionally include about 1 to about 10 Wt-% 
processing aid. 

Impact Modi?er 
In an embodiment, the present biopolymer includes an 

impact modi?er. Certain applications require higher impact 
strength than a simple plastic. Suitable impact modi?ers 
include acrylic, chlorinated polyethylene (CPE), methacry 
alate-butadiene-styrene (MBS), and the like. These impact 
modi?ers can be employed With a PVC thermoactive mate 
rial. In an embodiment, the present biopolymer can optionally 
include about 1 to about 10 Wt-% impact modi?er. 

Filler 
The present biopolymer need not but can include a ?ller. 

Fillers can reduce the cost of the material and can, in certain 
embodiments, enhance properties such as hardness, stiffness, 
and impact strength. Filler can improve the characteristic of 
the biopolymer, for example, by increasing thermal stability, 
increasing ?exibility or bending, and improving rupture 
strength. In an embodiment, the present biopolymer can be in 
the form of a cohesive sub stance that can bind inert ?ller (such 
as Wood, ?ber, ?berglass, etc.) With petroleum based thermo 
active materials. Fillers such as Wood ?our do not particularly 
enhance the qualities of ?lled plastic or biopolymer. Conven 
tional ?llers such as talc and mica provide increased impact 
resistance to the present biopolymer, but add Weight and 
decrease the life of an extruder. Fiberglass as a ?ller adds 
considerable strength to the product, but at a relatively high 
cost. In an embodiment, the present biopolymer can option 
ally include about 1 to about 50 Wt-% ?ller. 
Wood ?our and some other ?llers used in plastics are not 

thermally stable. Wood ?our does not mix or crosslink With 
plastics and individual particles are surrounded With plastics 
under heat and pressure conditions. Mineral, ?berglass, and 
Wood ?our are called “inert” ?llers due to the fact they can not 
crosslink or bond to the plastic. Also, Wood or cellulose based 
?llers can not handle the heat requirements of most plastic 
processes (such as extrusion and injection molding). Addi 
tionally, Wood ?our ?llers degrade and retain moisture. 

Fiber 
The present biopolymer can include a ?ber additive. Suit 

able ?bers include any of a variety of natural and synthetic 
?bers, such as at least one of Wood; agricultural ?bers includ 
ing ?ax, hemp, kenaf, Wheat, soybean, sWitchgrass, or grass; 
synthetic ?bers including ?berglass, Kevlar, carbon ?ber, 
nylon; mixtures or combinations thereof, and the like. The 
?ber can modify the performance of the biopolymer. For 
example, longer ?bers can be added to biopolymer structural 
members to impart higher ?exural and rupture modulus. In an 
embodiment, the present biopolymer can include about 1 to 
about 20 Wt-% ?ber. 
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BloWing Agent 
Even When produced in the form of a foam, the present 

biopolymer composition need not include or employ a bloW 
ing agent. HoWever, for certain applications for producing the 
composition in the form of a foam, the biopolymer can 
include or the process employ a bloWing agent. Suitable 
bloWing agents include at least one of pentane, carbon diox 
ide, methyl isobutyl ketone (MIBK), acetone, and the like. 

Methods of Making the Biopolymer 
The present biopolymer can be made by any of a variety of 

methods that can mix thermoactive material and fermentation 
solid. In an embodiment, the thermoactive material and fer 
mentation solid are compounded. As used herein, the verb 
“compound” refers to putting together parts so as to form a 
Whole and/or forming by combining parts (e. g., thermoactive 
material and fermentation solid). The fermentation solid can 
be compounded With any of a variety of thermoactive mate 
rials, such as thermoset and thermoplastic materials. Any of a 
variety of additives or other suitable materials can be mixed or 
compounded With the fermentation solid and thermoactive 
material to make the present biopolymer. In an embodiment, 
compounding fermentation solid and thermoactive material 
produces the dough-like material described hereinabove. 
Compounding can include one or more of heating the fer 

mentation solid and thermoactive material, mixing (e. g., 
kneading) the fermentation solid and thermoactive material, 
and crosslinking the fermentation solid and thermoactive 
material. Compounding can include thermal kinetic com 
pounding, extruding, high shear mixing compounding, or the 
like. In an embodiment, the fermentation solid and thermo 
active material are compounded in the presence of hydrolyz 
ing agent. 
The biopolymer or biopolymer dough can be formed by 

melting together the fermentation solid and the thermoactive 
material. In contrast, thermal kinetic compounding of Wood 
particles and thermoactive material produces a material in 
Which Wood particles are easily seen as individual particles 
suspended in the plastic matrix or as Wood particles coated 
With plastic. Advantageously, the compounded fermentation 
solid and thermoactive material can be an integrated mass that 
is homogenous or nearly so. 
The compounded, raW or soft biopolymer can be used 

directly or can be formed as pellets, granules, or another 
convenient form for converting to articles by molding or other 
processes. 

Thermal Kinetic Compounding 
Thermal Kinetic Compounding (“TKC”) can mix and 

compound employing high speed thermal kinetic principals. 
Thermal kinetic compounding includes mixing tWo or more 
components With high shear speeds using an impeller. Suit 
able thermal kinetic compounding apparatus are commer 
cially available, for example, the Gelimat G1 (DraisWerke 
Company). Such a system can include a computer controlled 
metering and Weight batch system. 
An embodiment of a thermal kinetic compounding appa 

ratus includes a horiZontally positioned mixer and com 
pounding chamber With a central rotating shaft. Several stag 
gered mixing elements are mounted to the shaft at different 
angles. The speci?c number and positions of the mixing 
blades varies With the siZe of the chamber. A pre-measured 
batch of thermoactive material and fermentation solid can be 
fed in to the compounder, for example, via an integrated 
screW Which can be part of the rotor shaft. Alternatively, the 
thermoactive material and fermentation solid can be fed 
through a slide door, located on the mixerbody. The apparatus 
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can include an automatically operated discharge door at the 
bottom of the compounding chamber. 

In the compounding chamber, the thermoactive material 
and fermentation solid is subject to extremely high turbu 
lence, due to high tip-speed of the mixing element. The ther 
moactive material and fermentation solid are Well mixed and 
also subjected to temperature increase from impact against 
the chamber Wall, mixing blades, and the material particles 
themselves. The friction in the moving particles can rapidly 
increase temperature and remove moisture. 

The mixture of thermoactive material and fermentation 
solid striking the interior of the chamber heats the material. 
For example, the material can be heated to about 1400 C. to 
about 2500 C. in times as short as about 5 to about 30 seconds. 
The process cycle can be microprocessor controlled. The 
microprocessor can monitor parameters such as energy, 
input, temperature, and/or time. When the microprocessor 
determines that the process is complete, the apparatus can 
open the discharge door and discharge of the compounded 
thermoactive material and fermentation solid (the biopoly 
mer). In an embodiment, the discharged compounded ther 
moactive material and fermentation solid is a uniformly 
blended, ?uxed compound, Which can immediately be pro 
cessed. 

Using the commercially available thermal kinetic com 
pounding apparatus identi?ed above, the energy consumed 
by blending, dispersing, and ?uxing can be about 0.04 kilo 
Watt per pound of product, Which compares favorably to 
0.06-0.12 kiloWatt per pound of product produced by stan 
dard tWin-screW compounding systems. 

The compounded thermoactive material and fermentation 
solid, the biopolymer, can then be run through a regrinding 
process to produce uniform granular materials. Such regrind 
ing can employ a standard knife grinding system using a 
screen, Which can create smaller uniform particles of a similar 
siZe and shape. Such granular materials can be used in, for 
example, extrusion, injection molding, and other plastic pro 
cessing. 

In an embodiment, TKC processes expose the thermoac 
tive material and fermentation solid to high temperatures and 
shear stresses for only a short or reduced time. The duration of 
TKC can be selected to prevent or reduce thermal degrada 
tion. 

In an embodiment, thermal kinetic compounding operates 
on a mixture of as little as 10 Wt-% thermoactive material and 
as much as 90 Wt-% fermentation solid. Such high propor 
tions of fermentation solid are dif?cult to compound With a 
conventional tWin-screW compounding system. In an 
embodiment, using thermal kinetic compounding, product 
formulations can be changed rather quickly. The chamber of 
the apparatus can remain clean upon compounding the fer 
mentation solid and thermoactive material. In an embodi 
ment, quick startup and shut doWn procedures are also pos 
sible in the thermal kinetic compounding apparatus as 
compared to standard compounding systems that require long 
and extensive shutdoWn and cleanout processes. 

Although not limiting to the present invention, thermal 
kinetic compounding can quickly raise the temperature of the 
material including fermentation solid to the boiling point of 
Water, at Which point vaporiZation of Water sloWs the tem 
perature rise. Once the moisture content of the material in the 
compounding chamber decreases beloW several tenths of a 
percent, a fast rise in temperature can occur until it reaches the 
Tm point of the admixture of the thermoactive material and the 
fermentation solid. Residence time in the chamber can be 
from about 10 to about 30 seconds. The residence time can be 
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selected based on variables such as diffusion constant time of 
the particles, initial moisture content, and the like. 

Thermal kinetic compounding of fermentation solid and 
thermoactive material can employ various processing param 
eters to produce a desirable biopolymer. In an embodiment, 
compounding continues until the material(s) have reached or 
exceeded their Tm points. 

In an embodiment, thermal kinetic compounding of fer 
mentation solid and thermoactive material produces a soft or 
raW biopolymer in the form of a dough, Which can be largely 
homogeneous. For example, thermal kinetic compounding 
can produce a material With a consistency similar to baking 
dough (e. g., bread or cookie dough) With a major proportion 
of the fermentation solid blended into the thermoactive mate 
rial and no longer appearing as distinct particles. In an 
embodiment, thermal kinetic compounding can produce a 
soft or raW biopolymer With greater than or equal to 70-90 
Wt-% of the fermentation solid homogeniZed into the dough. 
In an embodiment, thermal kinetic compounding can produce 
a soft or raW biopolymer including no detectable particles of 
fermentation solid. 

In an embodiment, thermal kinetic compounding can melt 
together the fermentation solid and the thermoactive material. 
In contrast, thermal kinetic compounding of Wood particles 
and thermoactive material produces a material in Which Wood 
particles are easily seen as individual particles suspended in 
the plastic matrix or as Wood particles coated With plastic. 
Advantageously, in the an embodiment, thermal kinetic com 
pounding can compound fermentation solid and thermoactive 
material to form an integrated mass that is homogenous or 
nearly so. 

In an embodiment, thermal kinetic compounding can pro 
duce raW or soft biopolymer including visible amounts of 
fermentation solid. Such compounding can employ particles 
of fermentation solid With a siZe of about 2 to about 20 mesh. 

Thermal kinetic compounding can include compounding 
the quantities or concentrations listed above for the fermen 
tation solid and thermoactive materials in batch siZed suitable 
for the apparatus. In an embodiment, thermal kinetic com 
pounding can effectively compound fermentation solid With 
small amounts of thermoactive material (e.g., about 5 to about 
10 Wt-% thermoactive material) and produce a raW or soft 
biopolymer. Such amounts of thermoactive material are small 
compared to those employed for conventional processes of 
compounding plant materials, such as Wood, With thermoac 
tive materials. 

Compounding by Extruding 
The present biopolymer can be formed by any of a variety 

of extruding processes suitable for mixing or compounding 
fermentation solid and thermoactive material. For example, 
conventional extruding processes, such as tWin screW com 
pounding, can be employed to make the present biopolymer. 
Compounding by extruding can provide a higher internal 
temperature Within the extruder and promote the interaction 
of thermoplastics With the fermentation solid. TWin screW 
compounding can employ co- or counter-rotating screWs. The 
extruder can include vents that alloW escape of moisture or 
volatiles from the mixture being compounded. Using a die on 
the extruder can compound and form the biopolymer. 

Removal of Water and Other Matter 
Processing machinery (such as an extruder) can be con?g 

ured to remove Water or other matter (gases, liquids, or solids) 
during processing of materials to form the biopolymer. Water 
may be extracted for example during tWin screW extruding 
processes or during ther'mokinetic compounding processes. 
For clarity, reference hereinafter is made to extraction of 
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Water but it is understood that other liquids, gasses, or solids, 
such as impurities, decomposition products, gaseous by prod 
ucts, and the like, can be extracted as Well. 

In an embodiment, Water can be extracted mechanically. 
For example, compression forces can be applied during extru 
sion processes to press Water from the material. In an embodi 
ment, compressing the material during extrusion can press 
Water or other liquids or gases out of internal cells that can 
form in the material. 

Heat can also be used to extract Water and/or dry the mate 
rial. In an embodiment, heat can be applied during the extru 
sion process or during other mechanical Water-extraction pro 
cesses. In an embodiment, after the extrusion or compression 
molding process, the biopolymer can be immediately pro 
cessed through a microWave or hot air drying system to 
remove the balance of Water to the equilibrium point of the 
material. This is typically betWeen 3-8 percent moisture con 
tent. A higher addition rate of thermoactive material tends to 
loWer the equilibrium point and further increase chemical 
bonding ef?ciencies Which creates high degrees of Water 
resistance and mechanical strength. 
Vacuum or suction techniques can also be applied to extract 

Water from the biopolymer as Well as other impurities or 
gases. In an embodiment, heat, vacuum, and mechanical tech 
niques can be employed together to extract Water and other 
matter from the biopolymer. In an embodiment, closed cells 
can be ruptured through application of one or more of heat, 
compression, and vacuum suction. 

Techniques for extraction of Water from polymeric mate 
rials are further described in US. Pat. No. 6,280,667, Which is 
incorporated herein by reference. This patent discloses meth 
ods and apparatus employed for processing plastics With 
Wood ?llers. These methods and apparatus can also be 
employed to process and form embodiments of the present 
biopolymer. 
Making Articles from the Biopolymer 

The present biopolymer can be suitable for forming (e.g., 
by extruding or molding) into a myriad of forms and end 
products. For forming, the biopolymer can be in any of a 
variety of forms, such as particles, granules, or pellets. 
Articles, such as bars, sheet stock, or other formed articles can 
be produced from the present biopolymer through any of a 
variety of common, knoWn manufacturing methods including 
extrusion molding, injection molding, bloW molding, com 
pression molding, transfer molding, thermoforming, casting, 
calendering, loW-pressure molding, high-pressure laminat 
ing, reaction injection molding, foam molding, or coating. 
For example, the present biopolymer can be formed into 
articles by injection molding, extrusion, compression mold 
ing, other plastic molding processes, or With a robotically 
controlled extruder such as a mini-applicator. The present 
biopolymer including fermentation solid can be employed in, 
for example, paints, adhesives, coatings, poWder coatings, 
plastics, polymer extenders, or the like. 

In an embodiment, the formed biopolymer can be coated 
employing any of a variety of coating technologies (e.g., 
poWder coating). PoWder coating can be dif?cult on most 
conventional plastics including conventional plant materials, 
such as Wood plastic composite or aggregate materials. 

In an embodiment, the present biopolymer can be produced 
as material that has a granite-like appearance. This granite 
like material can be formed by any conventional methods into 
slabs, boards, panels, and the like for decorative applications 
in a home or commercial environment. Further, the granite 
like biopolymer can be formed into individual articles for 
Which a granite-like appearance is desirable. 
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Numerous articles that can be made from or that can 

include the present biopolymer are described in US. patent 
application Ser. Nos. 10/868,263 ?led Jun. 14, 2004, entitled 
BIOPOLYMER STRUCTURES AND COMPONENTS noW 

issued US. Pat. No. 7,332,119, and US. patent application 
Ser. No. 10/868,276 ?led Jun. 14, 2004, entitled BIOPOLY 
MER STRUCTURES AND COMPONENTS INCLUDING 
COLUMN AND RAIL SYSTEM, noW abandoned, the dis 
closures of Which are incorporated herein by reference. 

Foaming the Biopolymer 
In an embodiment, the present biopolymer can be foamed 

either from its soft, raW form or upon melting Without addi 
tion of foaming or bloWing agents. Surprisingly, the present 
biopolymer can foam upon extruding even in the absence of 
foaming agents to produce a rigid, strong hardened foam. 
Although not limiting the present invention, it is believed that 
the present foam can result from foaming of protein in the 
fermentation solid. 

The stiff or solid foam can exhibit greater strength (e.g., 
?exural modulus) compared to conventional foamed plastics 
at the same density. Conventional plastics decrease in 
strength When foamed. Although not limiting to the present 
invention, it is believed that the present biopolymer foam may 
include denatured protein interacting With the thermoactive 
material to create an advantageously strong biopolymer 
foam. 

Although not limiting to the present invention, it is believed 
that the protein component of the fermentation solid can 
participate in foaming of the present biopolymer. This belief 
comes by analogy to foaming of cream to make Whipped 
cream or foaming of egg Whites to make meringue or angel 
food cake. Conventional foaming of proteinaceous materials 
employs up to about 50 Wt-% of the Weight of the material. 
The present biopolymer can include up to about 50 Wt-% or 
more of protein from the fermentation solid. It is believed that 
the protein may foam upon application of kinetic energy 
during forming the present biopolymer. In the presence of 
thermoactive material, it is believed that this can yield a stiff 
or solid foam. 

The present biopolymer (e. g., in the form of pellets) can be 
converted to a biopolymer foam by injection molding, extru 
sion, and like methods employed for forming plastics. 
Although not limiting to the present invention, it is believed 
that the heat and kinetic energy applied in these processes, 
such as by a mixing screW, is su?icient to foam the present 
biopolymer. In injection molding, the mold can be partially 
?lled to alloW the foaming action of the biopolymer to ?ll the 
cavity. This can decrease the density of the molded article 
Without using chemical foaming or bloWing agents. Extrud 
ing can also be employed to foam the present biopolymer. The 
dies used in extruding can form the foamed biopolymer. 

Extruding the Biopolymer 
The present biopolymer can be extruded to form an article 

of manufacture employing any of a number of conventional 
extrusion processes. For example, the present biopolymer can 
be extruded by dry process extrusion. For example, the 
present biopolymer can be extruded using any of a variety of 
conventional die designs. In an embodiment, extruding the 
present biopolymer to form an article can include feeding the 
biopolymer into a material preparation auger and converting 
it to a siZe suitable for extruding. Extruding can employ any of 
a variety of conventional dies and any of a variety of conven 
tional temperatures. 
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Injection Molding the Biopolymer 
The compounded biopolymer can be ground to form uni 

form pellets for use in an injection molding process. In an 
embodiment, the present biopolymer can exhibit faster heat 
ing and cooling times during injection molding compared to 
conventional thermoplastics. In an embodiment, the present 
biopolymer maintains the melt index of the plastic and alloWs 
?oWability characteristics that alloWs high speed injection 
molding. For example, biopolymer including fermentation 
solid and polypropylene Was observed to have higher thermal 
conductivity than pure polypropylene. Higher thermal con 
ductivity provides faster heating and/or cooling, Which can 
Which can speed processes such as injection molding. In an 
embodiment, injection molding the present biopolymer can 
consume less energy than injection molding thermoactive 
material or ?lled thermoplastic material. 

Appearance Treating the Biopolymer 
The biopolymer can be treated for appearance during or 

after forming. For example, the die or other surface used in 
forming can form a textured surface on the biopolymer 
article. Extruding can co-extrude an appearance layer over a 
biopolymer core. After forming, the formed biopolymer can 
be treated With a multi roller printing process to impart the 
look of real Wood or other desired printed textures or colors. 
After forming, the formed biopolymer can be treated With a 
thermosetting poWder. The thermosetting poWder can be, for 
example, clear, semi-transparent, or fully pigmented. The 
poWder can be heat cured, Which can form a coating suitable 
for interior or exterior uses. The poWder can also be textured 
to provide, for example, a natural Wood look and texture. 

EXAMPLES 

Example 1 

Biopolymer Production by Thermal Kinetic 
Compounding 

The present example describes preparation of a biopoly 
mer according to the present invention and that included 
fermentation solid (e.g., DDG, a particular fermented protein 
solid), polypropylene, and maleated acid. For example, these 
components Were taken in a ratio of 60/38/2 and Were com 
pounded using a Gelimate G1 thermal kinetic compounder. 
The other ratios listed in the table Were compounded accord 
ing to the same procedure. Compounding Was conducted at 
4400 RPM; the material Was and ejected from the com 
pounder at a temperature of 190° C. The polypropylene Was a 
commercial product called SB 642 and supplied by Basell 
Coproration. The biopolymer left the compounder as a dough 
like mass that resembled bread dough (soft or raW biopoly 
mer). The soft or raW biopolymer Was granulated in a con 
ventional knife grinding system to create pellets. 

Pellets of the present biopolymer Were injection molded in 
a standard “dogbone” mold on an Toshiba Electric Injection 
molding press at a temperature in all three Zones of 3200 F. As 
a control, the commercial polypropylene alone Was also 
molded by the same procedure. 

The resulting dogbones Were tested in accordance to 
ASTM testing standards for plastic for tensile strength, ?ex 
ural modulus, modulus of rupture to determine mechanical 
strengths. The folloWing results Were obtained: 
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Flexural Displacement 
Tensile Strength (Stretching) 
Strength (psi, Tensile Testing 

Polymer (lbf, ASTM) ASTM) (inches, ASTM) 

100% Polypropylene 130 61,000 0.22 
Biopolymer Embodiment 1 140 140,000 0.11 
(50 Wt—% fermented 
protein solid and 50 Wt 
% polypropylene) 
Biopolymer Embodiment 2 130 210,000 0.061 
(70 Wt—% fermented protein 
solid and 30 Wt 
% polypropylene) 
Biopolymer Embodiment 3 140 220,000 0.071 
(60 Wt—% fermented 
protein solid, 38 Wt 
% polypropylene, 
2 Wt—% maleated 
polypropylene) 

Surprisingly, adding fermentation solid (e.g., fermented 
protein solid) to a plastic increased the strength of the plastic. 
The present biopolymer Was stronger than the thermoactive 
material from Which it Was made. This result is illustrated in 
each of the three measures of strength for each polymer. 
The present biopolymer exhibited greater tensile strength 

than the plastic control. This Was surprising. Conventional 
?lled plastic materials (?lled, for example With inert ?ller) 
typically have less tensile strength than the plastic material 
from Which they are made. In particular, a conventional ?lled 
plastic material With as much as 50 Wt—% or 70 Wt—% inert 
?ller Would have less tensile strength than the plastic from 
Which it Was made. In this example, biopolymers With 50 
Wt—% or 70 Wt—% fermentation solid (e. g., fermented protein 
solid) each exhibited greater tensile strength than the plastic 
control. In this example, the present biopolymer gained addi 
tional tensile strength upon addition of a cross-linking agent. 
The present biopolymer exhibited greater ?exural modulus 

than the plastic control. In this example, biopolymers With 50 
Wt—% or 70 Wt—% fermentation solid (e. g., fermented protein 
solid) each exhibited greater ?exural modulus than the plastic 
control. In this example, the present biopolymer gained addi 
tional ?exural modulus upon addition of a cross-linking 
agent. 
The present biopolymer exhibited decreased displacement 

(less “stretch”) compared to the plastic control. In this 
example, biopolymers With 50 Wt—% or 70 Wt—% fermentation 
solid (e. g., fermented protein solid) each exhibited decreased 
displacement compared to the plastic control. Generally, 
decreased stretch can be considered to relate to increased 
thermal, process, and structural stability. 

Example 2 

Biopolymer Production by Extrusion 

The folloWing extrusion parameters have been employed 
for producing a biopolymer according to the present inven 
tion. 

Conical Counter Rotating Extruder 
RT (Resin Temperature) 178 C. 
RP (Resin Pressures) 11.9 
Main Motor (%) 32.3% 
RPM 3.7 



US 7,625 ,961 B2 
23 

-continued 

D2 (Die Temperature Zone 2) 163 
D1 (Die Temperature Zone 1) 180 
AD (Die) 180 
C4 (Barrel Heating Zone 4) 177 
C3 181 
C2 194 
C1 208 
Screw Temperature 149 

(Temperature in Degrees C.) 
(Equipment TC85 Milicron CCRE) 
An admixture of 15% polypropylene (“PP”) and 85% 

DDG blended @ 7% MC was compounded using a high shear 
compounding system, then extruded at the above processing 
parameters through a hollow die system. Note that DDG 
contains protein, ?ber, fat, and ash components. The second 
tests used 15% PP and 85% cellulose ?ber (wheat) as a 
comparison in the exact same process, equipment and process 
parameters above. 

In an initial comparison of the testing of this embodiment, 
there were many differences between the embodiment of the 
present biopolymer extrusion as compared to the ?ber/PP 
extrusion. The ?ber/PP extrusion closely simulates today’s 
current wood plastic ?ber technology and overall perfor 
mance. The ?ber/PP extrusion was a very different color 
showing the individual ?bers and particles in addition in 
having an overall very dark color. This conventional material 
also showed poor mechanical strength characteristics and 
brittleness whereas the biopolymer has higher degrees of 
overall rupture and stiffness. 

The embodiment of the present biopolymer maintained its 
lighter color and was very homogenous in appearance. This 
indicates that the present biopolymer intermeshed or melted 
together under the extruder condition employed. 

It should be noted that, as used in this speci?cation and the 
appended claims, the singular forms “a,” “an,” and “the” 
include plural referents unless the content clearly dictates 
otherwise. Thus, for example, reference to a composition 
containing “a compoun ” includes a mixture of two or more 

compounds. It should also be noted that the term “or” is 
generally employed in its sense including “and/or” unless the 
content clearly dictates otherwise. 

It should also be noted that, as used in this speci?cation and 
the appended claims, the phrase “adapted and con?gured” 
describes a system, apparatus, or other structure that is con 
structed or con?gured to perform a particular task or adopt a 
particular con?guration to. The phrase “adapted and con?g 
ured” can be used interchangeably with other similar phrases 
such as arranged and con?gured, constructed and arranged, 
adapted, constructed, manufactured and arranged, and the 
like. 

All publications and patent applications in this speci?ca 
tion are indicative of the level of ordinary skill in the art to 
which this invention pertains. All publications and patent 
applications are herein incorporated by reference to the same 
extent as if each individual publication or patent application 
was speci?cally and individually indicated by reference. 

The invention has been described with reference to various 
speci?c and preferred embodiments and techniques. How 
ever, it should be understood that many variations and modi 
?cations may be made while remaining within the spirit and 
scope of the invention. 
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What is claimed is: 
1. A composition comprising: 
from 0.01 to 95 wt % of fermentation solid, based on total 

weight of the composition, wherein the fermentation 
solid has a glass transition point (Tg) and a melting point 
(Tm); and 

from 0.01 to 95 wt % of thermoactive material, based on 
total weight of the composition, wherein the thermoac 
tive material is selected from the group of materials 
consisting of thermoplastic, thermoset, and resin and 
adhesive polymer, and the thermoactive material has a 
melting point less than the Tm of the fermentation solid. 

2. The composition of claim 1, wherein the thermoactive 
material has a melting point less than the Tg of the fermen 
tation solid. 

3. The composition of claim 1, wherein the fermentation 
solid is comprised of at least one solid selected from the group 
consisting of fermented protein solid, distiller’s dried grain, 
distiller’s dried grain-200, distiller’s dried corn, distiller’s 
dried fractionated com, distiller’s dried starch root crop, dis 
tiller’s dried tuber, distiller’s dried root, distiller’s dried 
cereal grain, distiller’s dried wheat, distiller’s dried rye, dis 
tiller’s dried rice, distiller’s dried millet, distiller’s dried oats, 
distiller’s dried potato, wet cake, and solvent washed wet 
cake. 

4. The composition of claim 1, wherein the thermoactive 
material is a thermoplastic material. 

5. The composition of claim 1, wherein the thermoactive 
material is a thermoset material. 

6. The composition of claim 1, wherein the composition is 
in the form of a pellet, a granule, an extruded solid, an inj ec 
tion moulded solid, a hard foam, a sheet, a dough or a melt. 

7. The composition of claim 1, further comprising one or 
more of dye, pigment, hydrolyZing agent, plasticiZer, ?ller, 
preservative, antioxidants, nucleating agent, antistatic agent, 
biocide, fungicide, ?re retardant, ?ame retardant, heat stabi 
liZer, light stabilizer, conductive material, water, oil, lubri 
cant, impact modi?er, coupling agent, crosslinking agent, 
blowing or foaming agent, reclaimed or recycled plastic. 

8. The composition of claim 1, wherein the fermentation 
solid is distiller’s dried grain, the thermoactive material is 
polypropylene, and the composition further comprises male 
ated polypropylene. 

9. The composition of claim 1, wherein the fermentation 
solid is fermented protein solid. 

10. The composition of claim 1, wherein the thermoactive 
material is polypropylene having a melting point less than the 
Tg of the fermentation solid, and the fermentation solid is 
distiller’s dried grain. 

11. A composition comprising: 
from 0.01 to 95 wt % of fermentation solid, based on total 

weight of the composition, wherein the fermentation 
solid has a glass transition point (Tg) and a melting point 
(Tm); and 

from 0.01 to 95 wt % of thermoactive material, based on 
total weight of the composition, wherein the thermoac 
tive material is selected from the group of materials 
consisting of thermoplastic, thermoset, and resin and 
adhesive polymer, and the thermoactive material has a 
melting point less than the Tg of the fermentation solid. 

12. The composition of claim 11, wherein the thermoactive 
material has a melting point less than the Tm of the fermen 
tation solid. 

13. The composition of claim 11, wherein the fermentation 
solid is comprised of at least one solid selected from the group 
consisting of fermented protein solid, distiller’s dried grain, 
distiller’s dried grain-200, distiller’s dried corn, distiller’s 
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dried fractionated corn, distiller’s dried starch root crop, dis 
tiller’s dried tuber, distiller’s dried root, distiller’s dried 
cereal grain, distiller’s dried Wheat, distiller’s dried rye, dis 
tiller’s dried rice, distiller’ s dried millet, distiller’ s dried oats, 
distiller’s dried potato, Wet cake, and solvent Washed Wet 
cake. 

14. The composition of claim 11, Wherein the thermoactive 
material is a thermoplastic material. 

15. The composition of claim 11, Wherein the thermoactive 
material is a thermoset material. 

16. The composition of claim 11, Wherein the composition 
is in the form of a pellet, a granule, an extruded solid, an 
injection moulded solid, a hard foam, a sheet, a dough or a 
melt. 

17. The composition of claim 11, further comprising one or 
more of dye, pigment, hydrolyZing agent, plasticiZer, ?ller, 
preservative, antioxidants, nucleating agent, antistatic agent, 
biocide, fungicide, ?re retardant, ?ame retardant, heat stabi 
liZer, light stabilizer, conductive material,, Water, oil, lubri 
cant, impact modi?er, coupling agent, crosslinking agent, 
bloWing or foaming agent, reclaimed or recycled plastic. 

18. The composition of claim 11, Wherein the fermentation 
solid is distiller’s dried grain, the thermoactive material is 
polypropylene, and the composition further comprises male 
ated polypropylene. 

19. The composition of claim 11, Wherein the fermentation 
solid is fermented protein solid. 

20. The composition of claim 11, Wherein the thermoactive 
material is polypropylene having a melting point less than the 
Tm of the fermentation solid, and the fermentation solid is 
distiller’s dried grain. 

21. A method of making a biopolymer, comprising: 
providing a fermentation solid having a glass transition 

point (Tg) and a melting point (Tm); and a thermoactive 
material selected from the group of materials consisting 
of thermoplastic, thermoset, and resin and adhesive 
polymer; and 
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compounding the fermentation solid and the thermoactive 

material at a temperature betWeen the Tg and the Tm of 
the fermentation solid to make the biopolymer. 

22. A method according to claim 21, Wherein the thermo 
active material has a melting point less than the Tm of the 
fermentation solid. 

23. A method according to claim 22, Wherein the thermo 
active material has a melting point less than the Tg of the 
fermentation solid. 

24. A method according to claim 22, Wherein the com 
pounding comprises heating the fermentation solid and the 
thermoactive material together. 

25. A method according to claim 24, Wherein the heating 
comprises melting together the fermentation solid and the 
thermoactive material. 

26. A method according to claim 21, Wherein the com 
pounding comprises thermal kinetic compounding. 

27. A method according to claim 21, Wherein the com 
pounding is performed in an extruder. 

28. A method according to claim 27, Wherein the extruder 
is a tWin screW extruder. 

29. A method according to claim 21, Wherein Water is 
removed during compounding. 

30. A method according to claim 21, Wherein after com 
pounding the biopolymer is dried. 

31. A method according to claim 30, Wherein the biopoly 
mer is dried to contain betWeen 3 and 8 Wt % moisture. 

32. A method according to claim 21, further comprising 
hardening the composition and, optionally, further compris 
ing grinding the hardened composition to form granules, 
forming the composition into pellets, or forming the compo 
sition into sheet. 

33. The method of claim 21, Wherein the fermentation solid 
is fermented protein solid. 

* * * * * 


